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ABSTRACT
Proteomics and Biological Evaluation of Marshmallow (Althea officinalis) Seeds
by Mahshid Amini

Marshmallow (Althaea officinalis) belongs to family Malvaceae, a medicinal plant used in
traditional and alternative medicine in various parts of the world. Marshmallow is one of the seven
medicinal plants that are collectively known as Joshanda. It is a herbal preparation which has been
used traditionally as a home remedy for the treatment of common cold, coughs, nasal congestion,
and fever. Previous studies showed that crude extract and/or purified compounds from flowers,
root, and leaves from Marshmallow have anti-microbial, anti-inflammatory, and other
pharmacological effects. However, there is no data reported on the biological activity and the
structure of proteins isolated from the seeds. Therefore, this study is carried out to purify and
characterize proteins and peptides from Marshmallow seeds as well as to evaluate their
antimicrobial activity against Salmonella enterica, Staphylococcus aureus, Saccharomyces
cerevisiae and cytotoxic activities in MCF-7 breast cancer cell line. Extraction of proteins was
performed in 20 mM Tris/HCl pH 8.0, then purified by the combination of gel filtration and
reverse-phase HPLC. Purified proteins were analyzed by SDS-PAGE gel electrophoresis. The
partial amino acid sequence of 22 kDa protein was established up to 25 residues by N-terminal
amino acid sequencing. The data suggest that Marshmallow RP-HPLC purified protein is a
monomeric protein of 22 kDa. The amino acid sequence alignment using BLASTp revealed
similarity in 22/25 amino acid residues with Thaumatin from Corchorus capsularis. The MTT
assay of Marshmallow crude protein led to a dose-dependent cytotoxic effect in MCF-7 cells with
an IC50 value of 163.29 µg/ml. The gel filtration pooled fractions 5-8, 9-11, and 12-13 showed
58%, 46% and 32% inhibition respectively. The antimicrobial activity of crude protein extract
vi

showed 69% inhibitory activity against Staphylococcus aureus. Proteomic evaluation of crude
Marshmallow protein tryptic peptides achieved by LC-MS/MS and bioinformatic analysis using
SwissProt Viridiplanta database and Mascot search engine. The De novo protein/peptide sequence
search by Peaks Studio-X identified 76 proteins belonging to 9 protein groups.
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Chapter 1
INTRODUCTION

1.1. Botanicals (Herbal Medicine):
Herbal medicine is used to treat disease and enhance general health for centuries. Herbal medicine
(Natural remedies) may seem like a new concept, but it is the oldest form of medicine in history.
Studies in human subjects also confirm the specific therapeutic effects of particular herbs (AlSnafi et al., 2013).
Plants have been the basis for medical treatments in a different part of the world. Parts of the plant
such as leaves, flower, fruit, root, and seed have been in use as a traditional and folk remedy to
treat many different health conditions. Echinacea is most commonly used for the treatment of the
common cold, Ginseng is used to improve energy and is found in many drinks and tonics, Garlic is
used for many medicinal properties, but it most affects on cholesterol levels, and Ginger is
commonly used as a treatment for nausea. (Bent 2008) Herbal supplements come in all forms:
dried, chopped, powdered, capsule, or liquid. Numerous phytochemicals (small molecules) with
potential biological activity have been extracted from different parts of the plants such as; pectins,
starch, mono- and di-saccharide saccharose, mucilage, p-coumaric acid, ferulic acid, phydroxybenzoic acid, salicylic acid, p-hydroxyphenyl acetic acid, vanillic acid, coumarins,
scopoletin, phytosterols, tannins, asparagine and amino acids.
Importance of Herbal Medicine:
According to World Health Organization (WHO), herbal medicine is the oldest form of medicine
in history and between 65% and 80% of the populations of developing countries currently, use
medicinal plants as remedies for treating various diseases. Many conventional drugs have been

1

discovered based on traditional knowledge of medicinal herbs, e.g., Aspirin from willow bark,
Morphine from the opium poppy, and Digoxin from foxglove. The compounds derived from the
natural source have a great deal of anticancer activity, antibacterial activity, and many other
diseases and can be more potent by their proper modifications. (Vickers et al., 2001)
1.2. Role of Medicinal Plants In The Management of Microbial Infections
Medicinal plants play an important role in the treatment of various microbial infection.
Helicobacter pylori (H. pylori) are bacteria that infect the lining of the stomach and cause peptic
ulcer. Studies have shown that Manuka honey suppressed the growth of H. pylori in gastric
epithelial cells (Abdel-Latif and Abouzied, 2016). Staphylococcus aureus, which is a Grampositive bacterium that is frequently found in the upper respiratory tract and on the skin, is one of
the most common bacterial infections in humans. The leaves, flowers, and the root of Althaea
officinalis exhibited maximum antibacterial activity against S. aureus at 15 mg/ml (Mohamed et
al., 2016). Antibiotics can cause side effects; using herbal medicine might be useful to use as an
antibiotic with minimum or no side effects.
1.3. The Role of Medicinal Plants In Cancer Therapy
Cancer cells are formed from normal cells due to a modification/mutation of DNA and RNA. They
are often not detected by the immune system because they are very similar to cells of the organism
from which they originated and have similar DNA and RNA.
Breast cancer is the most common malignancy in women. The treatment of breast cancer, such as
hormonal therapy, surgery, and chemotherapy that have been used for a long time, become
increasingly ineffective. On the other hand, herbal compounds can be very effective against breast
cancer with no or less side effect. Many studies are now focusing on natural compounds and trying
to discover new and more effective treatment for breast cancer (Mitra et al., 2018).
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1.4. Joshanda
Joshanda (Figure 1) is polyherbal preparation, which has been used traditionally as a home remedy
in India and Pakistan for the treatment of common cold, coughs, nasal congestion, and fever. It is
a traditional herbal remedy prepared from seven medicinal herbs. Marshmallow (Althea
officinalis) seeds, Cordia (Cordia latifolia ) dried fruit, Liquorice (Glycyrrhiza glabra) dried
rhizomes, Dwarf Mallow (Malva rotundifolia) seeds, Sedge (Onosma bracteatum) leaves, Violet
(Viola odorata) flowers, and Jujube (Zizyphus jujub)a dried fruit.

Ingredients of Joshanda;
1. Althea officinalis seeds 6g
2. Cordia latifolia dried fruit 5g
3. Glycyrrhiza glabra dried rhizomes 3g
4. Malva rotundifolia seeds 6g
5. Onosma bracteatum leaves 3g
6. Viola odorata flowers 4g
7. Zizyphus jujuba dried fruit 6g
Figure 1. Picture of Joshanda. Photo retrieved from
http://broughttolife.sciencemuseum.org.uk/broughttolife/objects/display?id=3885
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1.5. Marshmallow (Althaea officinalis)
Marshmallow, also known as Althaea officinalis, belongs to family Malvaceae, is a medicinal plant
used in traditional and alternative medicine in various parts of the world. The generic name,
Althaea, is derived from the Greek ‘ἄλθειν’, to cure, ‘althos’ a medicine, and ‘althaiein’ to heal,
thus it can treat many diseases and is very useful (Tobyn et al., 2011).
Marshmallow is a perennial herb 60 to 120 cm high with light brown colored, long and thick root,
sharp apex and indented edge leaves, white to pink colored flowers with flowering time in autumn
(Figure 2). This plant is native to Europe and Western Asia. It is also found in North America
along the eastern seaboard, India, Pakistan, and Iran. Marshmallow can flourish in any soil or
situation but grows larger in moist than in dry land. Root, leaves, flowers, and seeds are mainly
used in medicine (Fahamiya et al., 2016).
This herb contains many compounds, such as; pectins, starch, monosaccharides, disaccharides,
mucilage, flavonoids, anti-oxidants, coumarins, scopoletin, tannin, asparagines and many amino
acids (Banaee et al., 2017). As evidence of the safety of Marshmallow, it is listed by the Council
of Europe as a natural source of food flavoring (category N2) as well as in the United States
(Barnes et al., 2007).
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Figure 2. Picture of Marshmallow seeds. Photo retrieved from
https://www.etsy.com/listing/576306286/marshmallow-20-seeds-althaea-officinalis

Many studies were conducted on the Althaea officinalis root, leaves, and flower. In vitro and in
vivo study of A. officinalis showed that crude extract and/or purified compounds from flowers,
root, and leaves indicate significant pharmacological activity in the cough, irritation of the throat,
gastric inflammation, anti-tumor, antibacterial (both Gram-positive and Gram-negative bacteria),
antifungal, antiviral and immune-stimulant effects. Aqueous marshmallow flower extract
demonstrated good antimicrobial activity against Bacillus subtilis, Enterococcus faecalis,
Staphylococcus aureus, Escherichia coli, Candida albicans, and Saccharomyces cerevisiae (Saçıcı
et al., 2018). It also demonstrated protection against ethanol-induced gastric ulcer (Zaghlool et al.,
2015). The root extract of A. officinalis exhibited antibacterial effects on S. mutans and L.
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acidophilus, and the antibacterial effect increased with an increase in the concentration of the
extract (Haghgoo et al., 2017). However, there is no data reported on the biological activity and
the primary structure of proteins isolated from the seeds. Therefore, the focus of this study to purify
and characterize proteins and peptides from Marshmallow seeds. Further, the biological assay
conducted to evaluate antimicrobial and anticancer activities.
1.6. Proteomics
The proteomics is a rapidly developing field. The proteome is the total set of proteins produced by
a living organism. The study typically analyzes the differential (Comparative) protein expression
profile or a global protein expression profile. It can provide important biological information,
characterize gene function, and build functional linkages between protein molecules. In practice,
proteomics often is used to refer to protein purification and mass spectrometry. Proteins extracted
can be analyzed by bottom-up or top-down methods. In the bottom-up approach, digested proteins
can be separated by a mass spectrometer, while in the top-down approach, whole-proteins are
separated into pure single proteins, digested with Trypsin and analyzed by a mass spectrometer.
These methods include multiple steps such as reverse phase, size-exclusion, ion exchange, etc. at
the protein/peptide level. (Catherman et al., 2014).
To identify the pharmacological action of various herbs. The proteomic approaches have been
applied to the physiology of medicinal plants. A recent study improved protein purification
methods for extracting proteins existing in small quantity in mango fruit pulp and banana.
(Hashiguchi et al., 2017). There are different branches of proteomics, such as structural
proteomics, phosphoproteomics, glycoproteomics, and functional proteomics. The four major
databases related to proteomic research are UniProtKB, IntAct, Reactome, and PRIDE. The
sequence of proteins searched by UniProtKB. The IntAct database contains information about
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protein interactions, and Reactome shows biological processes. Finally, the PRIDE database is
used to search for experimental evidence of published protein and peptide identifications
(Nachimuthu et al., 2011). The Peaks Stadio-X is a bioinformatics tool for De novo protein
sequencing analyze the sequence of peptide/protein by mass spectrometry. De novo sequencing
analyzes amino acid sequences of novel proteins/peptides which are not available in the protein
database.
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Chapter 2
METHODS
2.1. Materials
Seeds of Althaea officinalis is obtained from our collaborator Prof. Choudhary, International
Center for Chemical and Biological Sciences, University of Karachi, Pakistan. Hexane, tris
(hydroxymethyl) aminomethane, hydrochloric acid (HCl, 37%), acetic acid, sodium phosphate
monobasic, sodium phosphate dibasic, and ammonium sulfate were purchased from, (Thermo
Fisher Scientific). Acrylamide, bisacrylamide, ammonium persulfate (APS), urea, N,N,NˈNˈtetramethyl ethylenediamine (TEMED), 2-mercaptoethanol, glycerol, brilliant blue G-pure, 10x
Tris/Tricine/SDS running buffer, and 10x Tris/Glycine/SDS running buffer. Guanidine,
ethylenediaminetetraacetic acid (EDTA) disodium salt dehydrate from Bio-Rad, and 4vinylpyridine was from Sigma. Trypsin Tosyl-phenylalanyl-chloromethyl-ketone (TPCK)-treated
(Worthington), PTH-amino Acid Standard and sequencing, grade chemicals (Wako). phosphatebuffered saline (PBS), trypan blue, 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide (MTT), and Dimethyl sulfoxide (DMSO), Doxorubicin hydrochloride. HiTrap desalting
5 mL, HiLoad 16/600 Superdex 200 pg (GE Healthcare Life Sciences). Revers HPLC column
AerisTM 3.6 µm WIDEPORE C4 200 Å (250 x 4.6 mm), (Phenomenex), Vydac C18 (2.1x150mm)
column (Thermo Fisher Scientific), Dialysis tubing (3.5 kD MWCO), centrifugal filters (3 kD
MWCO), 0.45µm/25mm Biobrane, polyvinylidene difluoride (PVDF) membrane, and glass fiber
discs (GFD). MCF-7 cell line from ATTC, Kanamycin, and Doxorubicin from Millipore-Sigma
2.2. Protein Extraction
The seeds (400 g) were ground using an electric grinder. Ground seeds were immersed overnight
in hexane in the ratio 1:3. Then it was filtered through filter paper. The defatted seeds dried under
the chemical hood at room temperature for two days. To extract proteins/peptides, ground seeds
8

were soaked in 20 mM Tris/HCl pH 8.0, and sodium phosphate pH 6.5 buffer and stirred for four
days at 4 °C (Nazeer et al., 2019). The extracts were filtered by cheesecloth and centrifuged for 20
min at 40,000 rpm (WX Ultracentrifuge, Thermo Fisher Scientific). Then the supernatant was
collected and transferred to clean beakers.
Protein precipitation was conducted in 80% ammonium sulfate added to the supernatant and stirred
overnight at 4 °C. Precipitated proteins were recovered by centrifuge at 14,000 rpm (Lynx 4000
Centrifuge, Thermo Scientific). The pellets were dissolved in deionized water and dialyzed by
using dialysis tubing MWCO 3.5 kD for two days at 4 °C. Finally, the dialyzed samples were
lyophilized and then stored at 4 °C for further use. Schematic of workflow is presented as Figure
3.
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Protein Extraction in Tris/HCl, pH 8

Filtration and Centrifugation

Protein precipitation with 80%
Ammonium Sulfate

Dialysis and Lyophilization

Purification
Chromatography
1. FPLC
2. HPLC

In-Solution Digestion

SDS PAGE
Gel Electrophoresis
Protein Characterization
LC-MS/MS Q-TOF
Bioinformatics
Mascot
De novo sequencing
(PEAKS)

N-terminal Protein Sequencing
Bioinformatics
(Protein BLAST)
Biological assays
Anti-cancer
Antimicrobial

Figure 3. Schematic of the workflow of Marshmallow seed proteomic possessing.
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2.3. Electrophoresis
The SDS-PAGE gel was cast in empty cassette using Tris/tricine 10% resolving gel and 4%
stacking gel (Schägger & Jagow, 1987). The components for the resolving gel were mixed, as
described in Table 1. Resolving gel solution poured into the gel plates, layered with 70% ethanol,
then allowed 30 minutes for the gel to polymerize. The layered ethanol discarded, and the stacking
gel solution was poured, and a comb inserted and allowed 30 minutes polymerized. Samples were
mixed in 1:1 ratio with sample loading buffer containing 5% 2-mercaptoethanol and boiled for 5
min at 95°C for reducing conditions. The prepared samples and protein ladder (marker) were
loaded. Electrophoresis was performed for 45 min at a constant voltage of 200 V using 1x
Tris/Tricine/SDS running buffer. The resulting gels were stained using Bio-SafeTM Coomassie
Stain solution (0.025 mg brilliant Blue G, dissolved in 100 mL of 10% of acetic acid in deionized
water), and destained in deionized water. A scan of the gel was carried out using ChemiDocTM
Imaging Systems (Bio-Rad).

Gel casting Solution

10% Resolving gel

4% Stacking gel

40% Acrylamide/Bis (29:1)

3.75 mL

400 µL

3.75 mL

775 µL

3 M Tris/HCl pH 8.45 containing 0.3% SDS

2.62 mL

1950 µL

50% Glycerol

1.125 mL

TEMED

15 µL

10 µL

30% APS

15 µL

10 µL

Water

Table 1. Gel casting solutions list for 10% resolving and 4% stacking gels.
11

2.4. Gel Filtration Chromatography
The gel filtration chromatography was conducted on a Hiload 16/600 Superdex 200pg column
using AKTA Start Fast Protein Liquid Chromatography (FPLC) system. The column was
equilibrated in 25mM sodium phosphate pH 6.5, The isocratic elution was carried out at a flow
rate of 1 ml/min, and the absorbance was monitored at 280 nm.
2.5. Reversed-Phase High-Performance Liquid Chromatography of proteins (RP-HPLC)
The Hitachi UPLC system was equipped with auto-sampler (L-2200U), dual pump (L-2160U),
and UV/VIS detector (L2420U) and Agilent Open Lab software. Crude samples and pooled gel
filtration fractions were injected onto a reversed-phase HPLC Vydac C4 (2.1 x 150mm) column.
The column was equilibrated using 0.1% trifluoroacetic acid (TFA)- water. The elution of
proteins/peptides were carried out by a linear gradient of 0-60% acetonitrile (ACN) for 60 min at
a flow rate of 1 ml/min, and absorbance monitored at 280 nm. The fractions were collected
manually and lyophilized for further evaluation.
2.6. N-Terminal amino acid sequencing
The protein sequencer (PPSQ-33A) (Shimadzu) was used to determine amino acid sequencing of
HPLC purified intact protein (Edman and Begg, 1967) Before sample analysis, a mixture of PTH
amino acids standard was injected to establish PTH elution profile. The sample was loaded onto a
PVDF disk. The amino acid sequence established for 24 cycles. The PTH-amino acid separated
through online PTH-analyzer based on isocratic HPLC. The amino acid residues detected via UV
Absorbance at 269 nm.
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2.7. Preparation of PTH standard
One vial of PTH-amino Acid Mixture Standard 10 nmoL/mL (Wako) was mixed with 2 mL of
37% Acetonitrile to prepare the stock solution. For each standard chromatogram, 10 µL of PTHamino acid stock solution added to 190 µL of 37% acetonitrile.
2.8. Bottom-up Proteomics
2.8.1. Protein alkylation by iodoacetamide and tryptic digestion
The lyophilized crude Marshmallow seeds proteins 40 mg was solubilized in 400 µL of 6M urea
prepared in 50 mM Tris/HCl pH 8.0, mixed with 20 µL of reducing agent 200 mM Dithiothreitol
(DTT). The samples were vortexed and incubated for 1hr at room temperature. Then 80 µL (200
mM) of the alkylating agent iodoacetamide was added to the mixtures and incubated in the dark
for 1 hour at room temperature. After Iodoacetamide was added, 80 µL of DTT was mixed with
the samples again and incubated for 30 min at room temperature. Then, the pH was monitored
while adding 50mM Tris pH 8.0 until the pH adjusted at 8.0. The enzyme trypsin was prepared in
50 mM tris/HCl pH 8. Protein was digested in ratio 1:30 (Trypsin: Protein) and incubated overnight
(<16h) at room temperature. On the next day, digestion was stopped by adding glacial acetic acid
to pH 4.0.
2.8.2. Q-TOF LC-MS/MS
The crude tryptic digest was analyzed by using Impact II™ UHR-QTOF (Ultra-High-Resolution
Q-Time-of-Flight) mass spectrometer equipped with Dionex Ultimate 3000 UPLC system. The
RP-HPLC column BioZen 2.6 µm Peptide XB-C18 (pore size 100 Å, dimension 150×2.1) column
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(Phenomenex) was equilibrated in 0.1% formic acid in water (solvent A). The peptides were eluted
in 0.1% formic acid in acetonitrile (solvent B). The elution gradient employed was 0-55% B in 45
min at a flow rate of 0.3 ml/min.
2.8.3. MS/MS Data Analysis
Mascot and De novo sequencing software (Peaks Studio-X) were used for protein identification.
These LC/MS/MS data were analyzed in SwissProt in Mascot and NCBI nr in Peaks Studio-X.
The taxonomy used in SwissProt is Viridiplantae and for NCBI nr is plant database.
2.9. Cytotoxic Evaluation of Protein Extracts
2.9.1 Protein Estimation
The Coomassie (Bradford) protein assay kit (Thermo Scientific) was used for the estimation of
total protein concentration. BSA standard was prepared (2,000, 1,500, 1,000, 750, 500, 250, 125,
25 µg/mL) in PBS buffer. Using 96-well plate, 2 µL of protein extract, and an equal amount of
BSA were mixed and added in triplicates. Then, 250 µL of Coomassie Plus Reagent solution was
added to each sample and incubated in the dark for 10 min. The samples were analyzed by using
SpectraMax M5 UV/VIS Plate Reader at 595 nm. The concentration was obtained from calculating
the average reading of the triplicate.
2.9.2 MTT Assay
The MCF-7 cell line was cultured and maintained in DMEM medium supplemented with 10%
(v/v) of fetal bovine serum (FBS), 1% penicillin-streptomycin and incubated at 37ºC humidified
5% CO2 incubator. Cells were cultured in tissue culture treated flasks of 75 cm2 at confluency.
The medium was removed from the flask, and the cells were washed twice with 6 ml of PBS.
Trypsin-EDTA 1 ml was added and kept the flask in a CO2 incubator at 37°C for 5 mins. Then
14

added 3 to 4 ml of medium and transferred cells in 15 ml falcon tube. The cells were centrifuged
at 1,000 rpm for 5 min, then the supernatant was removed, and the pellet was suspended in 1 ml
of the medium by gentle pipetting. In order to count the cells, 10 µL of this cell suspension mixed
with an equal volume of trypan blue, load on a hemocytometer, and count cells. Cells were cultured
at a density of 5x104/mL in 96 well plates (10,000 cells/ 200 µL each well) and incubated in 5%
CO2 incubator at 37°C. After 24 hr, removed the medium from each well and treated the cells with
different concentrations of crude Marshmallow protein extract and fractions from gel filtration
chromatography by preparing dilutions in a total volume of 200 µL each well with medium (each
sample in triplicate). The concentrations used were 180 µg/mL, 100 µg/mL, 50 µg/mL, and 25
µg/mL. The 200 µL of the medium used as untreated control (negative control) and the positive
control was doxorubicin in different concentrations as following 0.6 µM, 0.3 µM, 0.15 µM, 0.07
µM, and 0.03 µM. After 48 hr of treatment medium containing the samples was removed. Then
MTT dye with the final concentration of 0.5 mg/mL was added in each well and incubated at 37ºC
in 5% CO2 incubator for 4 hr. The medium containing dye was removed and dissolved formazan
crystals was dissolved in 100 µl DMSO per well. The absorbance was measured at 550nm
wavelength. The percentage of cell inhibition was calculated using the formula:

% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =

𝑂𝐷 𝑜𝑓 𝑢𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠 − 𝑂𝐷 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠
𝑥100
𝑂𝐷 𝑜𝑓 𝑢𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠

2.10. Antibacterial Activity Assay
The antimicrobial assay of Marshmallow seed extract in an organic solvent, as well as extracted
protein, were screened against, Staphylococcus aureus as a gram-positive, Salmonella enterica as
gram-negative and Saccharomyces cerevisiae as fungi, in collaboration with Dr. Elshahawi’s
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laboratory, Chapman University School of Pharmacy. The extracts analyzed were prepared in;
Hexane, 50% DCM/MeOH, 30% Ethanol/water, Methanol, and Water. The microorganisms were
grown in liquid or agar plates using YAPD, nutrient broth, and tryptic soy broth. Each strain was
grown in 5 mL medium for 16 h at 37 °C with shaking 200 RPM Sterile liquid media was used to
dilute an aliquot of fully-grown culture (100 µL) to 30 mL. Then 160 µL of each diluted culture
transferred into the individual well of a 96 well plate supplied with 2 µL of the tested material.
Various concentrations were maintained to assess the antimicrobial activities and compared to the
negative control containing vehicle (DMSO) alone, and positive control (Kanamycin). The culture
plate was incubated at 37 °C for 16 h with shaking 200 rpm. The OD600 of each well was measured
by scanning microplate spectrofluorometer FLUOstar Omega. The acquired OD600 values were
normalized to the negative control wells. (Nitta et al., 2002, Shakib et al., 2013)
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Chapter 3
RESULTS AND DISCUSSION
3.1. Defatting:
Removal of lipid prior to protein extraction was successfully achieved by extraction of ground
marshmallow seeds in 100% hexane. The hexane extract analyzed by GC-MS. The highest
concentration of lipid 9,12 –octadecadienoic acid detected. The previous studies also showed the
presence of 9,12-octadecadienoic acid from extracts of flower and root of Althaea officinalis. (Alsnafi et al., 2013).
3.2. Protein Extraction
The protein extractions successfully achieved in two different buffers systems. 20 mM Tris/HCl
pH 8.0, and 25 mM sodium phosphate pH 6.5. Based on protein recovery, extraction in 20 mM
Tris/HCl pH 8.0 was better than 25 mM sodium phosphate pH 6.5.

3.3. Electrophoresis
SDS-PAGE (Sodium dodecyl sulfate-polyacrylamide gel electrophoresis) was performed for the
crude sample, as well as for the gel filtration chromatography and RP-HPLC fractions.
Electrophoresis allows proteins separation based on their molecular weight due to the presence of
detergent SDS. In our study, Tricine gels were preferred to evaluate under 50 kDa molecular
weight proteins. The analysis of Marshmallow proteins extracted by 20 mM Tris/HCl pH 8.0
(Figure 5a) and 25 mM sodium phosphate pH 6.5 buffers (Figure 5b) respectively. Extracted
proteins revealed major protein bands within a range of 2-50 kDa.

17

Figure 4. SDS-PAGE profile of crude Marshmallow protein extract.
(a) 20 mM Tris/HCl pH8.0. (b) 25 mM sodium phosphate pH 6.5
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3.4. Top-Down Proteomics
3.4.1. First Dimensional Purification by Gel Filtration Chromatography
Gel filtration (GF) chromatography separates proteins based on molecular size. Crude
Marshmallow protein extract by GF chromatography separated into five peaks (Figure 5). To
eluted fractions pooled into five groups corresponding to the fractions 5-8, 9-11, 12, 13-18 and 1920, and analyzed by SDS-PAGE as shown in Figure 6. The pooled fractions 5-8 contains high
molecular weight proteins ranging from 50-20 kDa, the pooled fractions 9-11 show major bands
ranging from 20-10kD. While pooled fractions 12-13 disclose two distinct bands around 12-10
kDa, but in lower intensity. Overall this first-dimensional chromatography has provided partial
purification based on molecular weight.

Figure 5: Elution profile of gel filtration chromatography of Marshmallow. Column HiLoad
16/600 Superdex 200, elution buffer 25mM Sodium Phosphate, pH 6.5. Flow rate 1ml/min,
absorbance at 280 nm.
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Figure 6: SDS PAGE of Marshmallow fractions after FPLC. Lane 1: Molecular Weight Marker
(2-250 kDa), Lane 2: fraction 5-8, Lane 3: fraction 9-11, Lane 4: fraction 11-13
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3.4.2. Two- dimensional purification of proteins by RP-HPLC
In this project, further evaluation of the two-dimensional chromatography approach was also
tested. The separation of proteins achieved first on the gel filtration chromatography. Further
purification was achieved by loading pooled gel filtration fractions 5-8 on to an RP-HPLC column
(Figure 7). The HPLC eluted peaks were analyzed through SDS-PAGE as shown in Figure 8. the
data supports that by utilizing two- dimensional chromatography approach many low abundant
proteins can be detected which not seen by SDS-PAGE of crude extract analysis by RP-HPLC.

Figure 7: 2D-LC elution profile of Marshmallow seeds pooled gel filtration fraction (#5-8).
Column Vydac Protein-C4. Solvent A: 0.1% TFA-water, Solvent B 0.1% TFA-acetonitrile;
gradient 0-60% B in 60 min; flow rate 1 ml/min; absorbance monitored at 280 nm.
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Figure 8: SDS-PAGE of protein elution profile of FPLC fractions 5-8 by 2D RP-HPLC. Lane 1:
Molecular Weight Marker (2-250 kDa), and 25µl FPLC 5-8 fractions after HPLC
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3.4.3. Purification of proteins by RP-HPLC
Reversed-phase HPLC is one of the most important techniques for the separation of proteins and
peptides based on hydrophobicity. We have separated the crude protein extract injected directly
on to the RP-HPLC. The elution profile achieved is shown in Figure 9. The HPLC eluted fractions
were pooled and analyzed by SDS-PAGE gel electrophoresis, as shown in Figure 10.
Interestingly, the fractions 31, 51, and 52 revealed a single band on SDS-PAGE. The data suggest
that Marshmallow RP-HPLC purified proteins pooled fraction 31 gave homogeneous band of
about 12 kDa. The fractions 51 and 52 revealed bands about 14 kDa, and fraction 51 is a relatively
higher band of 22 kDa.

Figure 9: Protein elution profile of crude sample Althaea officinalis by RP-HPLC. Column
Vydac Protein-C4. Solvent A: 0.1% TFA-water, Solvent B 0.1% TFA-acetonitrile; gradient 060% B in 60 min; flow rate 1 ml/min; absorbance monitored at 280 nm.
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Figure 10. SDS PAGE of Althaea officinalis fractions after HPLC. (a) Lane 1: Molecular Weight
Marker (2-250 kDa), Lane 2: 20 µl fraction 52, Lane 6,7: 20 µl fraction 31. (b) Lane 1: Crude
AO, Lane 2 Molecular Weight Marker (2-250 kDa), Lane 3: 20 µl fraction 26, Lane 4 fraction
27, Lane 5-6 fraction 31, Lane 7 fraction 32, Lane 8 fraction 33, and lane 9 fraction 51.
3.5. Amino Acid Sequencing
The N-terminal amino acid sequencing is a powerful independent tool and considered a gold
standard in the identification of proteins and peptide. The automated protein sequencer worked
based on Edman degradation chemistry (Edman & Begg 1967). The PTH-amino acids sequentially
removed from the protein chain and identified by isocratic HPLC column using proprietary solvent
24

PTH-Solvent (Wako Inc) The unmodified HPLC purified intact protein (fraction 51) successfully
identified the amino acid sequence up to 25 residues. The deduced sequence searched in Protein
BLAST: https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins. The amino acid sequence
alignment is shown in Figure 11. It shows 84% sequence similarity with Thaumatin (Corchorus
olitorius), Thaumatin (Corchorus capsularis) (Corti et al., 1999), Pathogenesis-related protein R
major form-like (Durio zibethinus) and Osmotin 34 (Theobroma cacao) (Lee et al., 2010). The
residue nine in all these plants reported to have a Cys residue. The sequence data presented here
is on an unmodified intact protein and to the identification of PTH-Cys is not possible. The second
modification noted at residues 20-21. In Marshmallow identified sequence at this position is ProArg, while in all other noted plants reported the presence of Gly-Gly. At position 24 in
Marshmallow Pro is present while in other plants reported here is replaced by Arg residue. The
Osmotin is a protein involved in plant defense.
The protein Thaumatin reported as a mixture of proteins from the katemfe fruit (Thaumatococcus
daniellii). Thaumatin is an approved sweetener in the European Union. In the US, it is recognized
as safe flavoring and sweetener (

https://www.nuzest-usa.com/thaumatin-natural-sweetener-

nuzest). (Green 1999)
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Figure 11: Amino acid sequence alignments of protein isolated in RP-HPLC Fraction 51
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3.6. Bottom-up Proteomics
3.6.1. Liquid Chromatography-Mass spectrometry
Traditionally, the protein extraction, and identification conducted on the individually purified
proteins. This approach typically required with the study aim to characterize the complete amino
acid sequence of individual protein. The advancement in the mass spectrometry of
biomacromolecules and bioinformatics, the focus has been changed to identify the whole
proteome. This is a viable approach where a limited quantity of samples available for analysis.
The concentration and recovery of these proteins from various plant components are difficult. The
bottom-up proteomics successfully employed in this project to establish proteomic profile of
Marshmallow proteome. The whole tryptic digest of Marshmallow infused by RP-HPLC to the
ESI_TOF mass spectrometer employing a gradient of 0-55% acetonitrile in LC/ MS/MS system in
positive ion-mode. We successfully achieved LC/MS/MS mass spectrometric analysis to identify
the amino acid sequence from tryptic peptides of Marshmallow crude proteins. The 0.1% formic
acid preferred in both solvent A and Solvent B for HPLC as it produces [M+H]+ ions in positive
ionization mode in contrast to 0.1% TFA, which has ion-suppression effect. The LC/MS profile
obtained is shown as Figure 12a, and the Q-TOF MS/MS sample acquisition parameters are shown
in Figure 12b. Marshmallow crude LC/MS/MS profile is shown as Figure 12a. The top portion
represents BPC chromatogram (purple), middle TIC MS/MS (Red), and bottom portion show
region of the mass spectrum at 23.2 min. The Q-TOF MS/MS sample acquisition parameters are
in Figure 13.
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a

BPC MS

b
TIC MS/MS

c
MS Spectrum

Figure 12. Tryptic digest LC/MS profile of Marshmallow protein. Column: Phenomenex BioZen
2.6 µm Peptide XB-C18 (pore size 100 Å, dimension 150×2.1), Mobile phase: A: 0.1% formic
acid in water and solvent B: 0.1% formic acid in ACN at 0.3 ml/min flow rate, and gradient 055%B in 45 min. (a) BPC MS (b) TIC MS/MS and (3) MS spectrum.
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Figure 13. Q-TOF MS/MS sample acquisition parameters.
3.6.2. Evaluation of MS/MS Data by Mascot
The search Mascot (Matrix Sci. Inc) is a universally accepted mass spectrometric search engine
for the analysis of proteomics data from peptide databases (Perkins et al., 1999). The Mascot
utilizes a probabilistic scoring adopted from the MOWSE (for MOlecular Weight SEarch)
algorithm. The SwissProt, a manually annotated and reviewed database, was used successfully for
data analysis. The search parameters used for the analysis for LC-MS/MS data in the SwissProt
database listed in Table 2. The filtered search data has a peptide mass tolerance of 30 ppm, at
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protein score ≥ 50 revealed that Marshmallow seeds contain 35 proteins with the number of
significant sequences ranging from 1-4 shown in Figure 14. The top hit at protein score 405, with
four significant sequences matched with Legumin A from Upland cotton (Gossypium hirsutum).
It belongs to the seed storage protein (globulin) family.

Table2. MS/MS search parameter for the Mascot search engine using the SwissProt database
Viridiplantae (Green plant).
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Figure 14. Protein hits in Mascot search engine using SwissProt database with protein score cut
off ≥ 50
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3.6.3 MS/MS Data Search by De novo sequencing by PEAKS® software
In our study, further analysis of mass spectrometric data was analyzed using Peaks® X, a De novo
peptide sequencing bioinformatics tool (Bioinformatics Solution Inc.). The LC/MS/MS data were
searched with Peaks SPIDER software using NCBI nr plant database search for De novo
sequencing at False Discovery Rate (FDR) set to 0.9% and unique peptide match above two. Based
on the statistics of the filtered results (Table 1-4), a total of 76 proteins belonging to 9 protein were
identified and identified peptide spectrum matches of 230 (Figure 15). The FDR is matching
scoring function between peptide and the MS/MS spectrum data. The PEAKS search the MS/MS
spectrum in the protein database to find a peptide that gives a maximum score for the peptidespectrum match (PSM).

Figure 15. False discovery rate (FDR) profile of Althaea officinalis crude tryptic digest by
LC/MS/MS. The x-axis is the number of peptide-spectrum matches (PSM) being kept. Y-axis is
the corresponding 1% FDR.
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Figure 16 represents the scatterplot showing the peptide score versus precursor mass error in ppm
for all PSMs. The PSMs with high scores centered near the mass error 0 and observe PSMs with
low scores scatter to larger mass error.

Figure 16. Profile of Marshmallow crude tryptic digest PSM score distribution. Scatterplot of
PEAKS peptide score versus precursor mass error of LC/MS/MS analysis
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Table 3. Statistics of filtered result

The search parameters used are tabulated in Table 3. The peptide -10logP value is set ≥ 36.9,
protein ≥ 20, and unique peptides ≥ 3, respectively. The Figure 17a shows De novo only peptide
match, the Average Local Confidence (ALC) set at 99%. To find a good peptide match, the ALC
value is set ≥ 50 %. Figure 17b is a representative MS/MS profile showing b and y ions match for
the peptide precursor m/z 468.28 at peak at retention time (RT) 16.56 with ALC 99%, showing an
8mer peptide at 5.9 ppm. The 21 peptides matched have error tolerance set at 0.01Da. Figure 17c,
represent the profile of the peptide fingerprint plotted RT vs. m/z showing the selected region of
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the plot, Figure 17d represent b and y ions match, and Figure 20e represent the precursor profile
at Intensity vs. Peak retention time for the selected peptide, and Figure 17e is the precursor peak
profile at the RT 16.56. Overall, De novo only peptides identified at ALC 99% are 20 with one
matched to a known protein.

Figure 17. De novo only searches by Peaks Studio (a) De novo only peptide match (b) MS/MS
profile showing b and y ions (c) peptide fingerprint plotted RT vs. m/z (d) b and y ions match (e)
precursor peak profile at the RT 16.56
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To establish a protein sequence coverage, data was searched using -10lgP values. The protein ID
profile set at -10lgP value above 80 identified presence of 9 proteins with sequence coverage
ranging from 5-29%, showing the presence of at least three or more unique peptides in the
Marshmallow proteome (Figure18).

Figure 18. Proteins identified against NCBI nr database using De Novo peptide sequencing of
Althaea officinalis seeds proteome. Bioinformatics tool employed Peak Studio-X.
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3.7. Cytotoxic Evaluation of Protein Extracts
The MTT assay of Marshmallow crude protein led to a dose-dependent cytotoxic effect in MCF7 cells with an IC50 value of 163.29 µg/ml, as shown in Figure 19. Percentage of cell inhibition
of MCF-7 breast cancer cells treated with different concentrations of Doxorubicin shown in Figure
20. The gel filtration pooled fractions 5-8, 9-11, and 12-13 showed 58%, 46%, and 32% inhibition,
respectively (Table 4). Joshanda (Polyherbal extract) showed 77% inhibition at 50 µg loading, as
shown in Table 4. The reason is that unpurified Herbal drug contains complex mixtures of
compounds often exhibit synergistic therapeutic effects greater than a single component.

Figure 19. Cytotoxicity analysis of MCF-7 cell lines. Data are expressed as a mean of triplicates for each
dose ± S.D from three independent experiments. UNT labeled bar represents untreated control cells.
Whereas *p < 0.05, **p < 0.01 and ***p < 0.001. IC50 value of 163.29 µg/ml.
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Figure 20. Percentage of cell inhibition of MCF-7 breast cancer cells treated with different concentrations
of doxorubicin ranging from 0.02 to 0.35 µg/mL. Data expressed as a mean of triplicates ± SD for each
dose.

MCF-7 Cell Lines

Dose Dependent Percent
Inhibition

50µg/ml

Marshmallow
Crude Protein
180µg/ml

Fraction
5-8
50µg/ml

Fraction
9-11
50µg/ml

Fraction
12-13
35µg/ml

77%

59%

58%

46%

32%

Joshanda

Table 4. Cytotoxicity Assay against MCF 7 Human breast cancer cell line
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3.8. Antibacterial Activity Assay
The antimicrobial activity of Marshmallow seeds proteins, as well as small molecules, were
screened against different model microorganism, Staphylococcus aureus from Gram-positive,
Salmonella enterica form Gram-negative and Saccharomyces cerevisiae from fungi family,
showed inhibitory activity against Staphylococcus aureus (Gram-positive). The crude protein
extract showed 69% inhibitory activity against Staphylococcus aureus, as shown in Figure 21.
The comparatively the 30% ethanol found to have relatively more significant microbial inhibitory
effects. It could be due to the presence of small molecules in the extract. The control (DMSO) and
water alone showed no inhibition and supported in the confidence of data achieved. Further
analysis is focused on evaluating the gel filtration purified peak to identify the proteins/peptide
from Marshmallow seeds that exhibit the antimicrobial activity.

Figure 21. Antimicrobial Assay of Crude sample on Staphylococcus aureus Gram +ve. The
antimicrobial activity of crude protein extract showed 69% inhibitory activity against
Staphylococcus aureus.
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Chapter 4
CONCLUSION
The study has provided preliminary information on the proteomic profile on the Marshmallow
(AO) seeds. Intact protein N-terminal amino acid sequence revealed Marshmallow protein
showing similarity within 22/25 amino acid residues with Thaumatin (Corchorus olitorius) and
(Corchorus capsularis), Osmotin-34 (Theobroma cacao) and Pathogenesis related protein Major
form -like (Durio zibethinus). The identification of Osmotin-34 and Pathogenesis related proteinR reported to be involved in plant defense. Thaumatin is a 22kDa low-calorie protein-based
sweetener approved by the FDA. Osmotin 34 is stress-responsive antifungal protein belongs to the
pathogenesis-related thaumatin superfamily protein.

The partially purified protein pooled fractions (5-8, 9-11, 12-13) showed cytotoxicity 58%, 46%,
and 32% inhibition respectively, and Joshanda (Polyherbal preparation) showed 77% inhibition.
The dose-dependent cell inhibition against MCF-7 cells was observed with IC50 values of 163.29
µg/ml for crude protein. Crude protein extract showed antibacterial activity with 69% inhibitory
activity against Staphylococcus aureus.

The bottom-up proteomics approach was successfully employed using LC-MS/MS and data
analyzed using Mascot and De Novo sequencing software Peaks Studio-X. The results with 0.9%
False Discovery Rate (FDR), peptide -10logP value set ≥ 36.9 identified 186 peptides belonging
to a total of 76 proteins and nine protein groups.

40

References
Al-Snafi, A. E., and Esmail, A. (2013). The Pharmaceutical Importance of Althaea officinalis
and Althaea rosea : A Review Vol.5, No.3, pp 1378-1385.
Abdel-Latif, M.M., and Abouzied, M.M. (2016). Molecular mechanism of natural honey against
H. pylori infection via suppression of NF-kB and AP-1 activation in gastric epithelial
cells. Arch. Med. Res. 47(5): 340-348. doi: 10.1016/j.arcmed.2016.09.002
Banaee, M., Soleimany, V., and Haghi, N. B. (2017). Therapeutic effects of marshmallow
(Althaea officinalis L.) extract on plasma biochemical parameters of common carp
infected with Aeromonas hydrophila. Veterinary Research Forum, 8(2), 145–153.
Barnes, J., Anderson, L. A., Phillipson, J. D. (2007). Marshmallow. In Herbal Medicines;
Pharmaceutical Press: London; 418-420
Bent S. (2008). Herbal medicine in the United States: a review of efficacy, safety, and
regulation: grand rounds at University of California, San Francisco Medical
Center. Journal of General Internal Medicine, 23(6), 854–859. doi:10.1007/s11606-0080632-y
Catherman, A. D., Skinner, O. S., & Kelleher, N. L. (2014). Top-Down proteomics: facts and
perspectives. Biochemical and Biophysical Research Communications, 445(4), 683–693.
doi:10.1016/j.bbrc.2014.02.041
Corti A (ed). (1999). Low-Calorie Sweeteners: Present and Future.World Rev Nutr Diet. Basel,
Karger, vol 85, pp 129-132. doi: 10.1159/000059716
Edman, P., and Begg, G. (1967). A protein sequenator. FEBS Journal. 1(1): 80-91.

41

Fahamiya, N., Shiffa, M., Aslam, M., and Muzn, F. (2016). Unani perspective of Khatmi
(Althaea officinalis). 357-360.
Green. C. (1999). “Thaumatin: a natural flavour ingredient.” World Rev Nutr Diet. World
Review of Nutrition and Dietetics 85: 129-32.
Haghgoo, R., Mehran, M., Afshari, E., Zadeh, H. F., and Ahmadvand, M. (2017). Antibacterial
Effects of Different Concentrations of Althaea officinalis Root Extract versus 0.2%
Chlorhexidine and Penicillin on Streptococcus mutans and Lactobacillus (In-vitro).
Journal of International Society of Preventive & Community Dentistry, 7(4), 180–185,
DOI: 10.4103/jispcd.JISPCD.150.17
Hashiguchi, A., Tian, J., and Komatsu, S. (2017). Proteomic Contributions to Medicinal Plant
Research: From Plant Metabolism to Pharmacological Action. Proteomes, 5(4), 35.
doi:10.3390/proteomes5040035
Lee, H., Damsz, B., Woloshuk, C. P., Bressan, R. A., and Narasimhan, M. L. (2010). Use of the
plant defense protein osmotin to identify Fusarium oxysporum genes that control cell
wall properties. Eukaryotic cell, 9(4), 558–568. doi:10.1128/EC.00316-09
Mitra, S., and Dash, R. (2018). Natural Products for the Management and Prevention of Breast
Cancer. Evidence-based complementary and alternative medicine: eCAM, 2018, 84696.
doi:10.1155/2018/84696
Mohamed M.M. Abdel-Latif, and Mekky M. Abouzied. (2016). Molecular Mechanisms of
Natural Honey Against H. Pylori Infection Via Suppression of NF-κB and AP-1
Activation in Gastric Epithelial Cells, Archives of Medical Research, Volume 47, Issue 5,
Pages 340-348, ISSN 0188-4409, https://doi.org/10.1016/j.arcmed.2016.09.002.
(http://www.sciencedirect.com/science/article/pii/S0188440916301424)

42

Nachimuthu, S., and Ponnusamy, R. (2011). 10 - Introduction to proteomics, Editor(s):
Nachimuthu Saraswathy, Ponnusamy Ramalingam, In Woodhead Publishing Series in
Biomedicine, Concepts, and Techniques in Genomics and Proteomics, Woodhead
Publishing, Pages 147-158, ISBN 9781907568107,
https://doi.org/10.1533/9781908818058.147.
(http://www.sciencedirect.com/science/article/pii/B9781907568107500109)
Nazeer, M., Waheed, H., Saeed, M., Yousuf A S., Choudhary M.I, Ul-Haq Z., and Ahmed A
(2019). Purification and Characterization of a Nonspecific Lipid TransferProtein 1
(nsLTP1) from Ajwain (Trachyspermum ammi) Seeds. Scientific Reports. 9:4148-4158
https://doi.org/10.1038/s41598-019-40574-x
Saçıcı, Esra & Yesilada, Erdem. (2018). Proposal for an “althaeae flos (marshmallow flower)”
monograph set-up based on European pharmacopeia template and quality evaluation of
commercial samples. ACTA Pharmaceutica Sciencia. 56. 37. 10.23893/13072080.APS.05603.
Nitta, Tomoko & Arai, Takashi & Takamatsu, Hiromu & Inatomi, Yuka & Murata, Hiroko &
Iinuma, Munekazu & Tanaka, Toshiyuki & Ito, Tetsuro & Asai, Fujio & Ibrahim, Iriya &
Nakanishi, Tsutomu & Watabe, Kazuhito. (2002). Antibacterial Activity of Extracts
Prepared from Tropical and Subtropical Plants on Methicillin-Resistant Staphylococcus
aureus. Journal of Health Science - J HEALTH SCI. 48. 273-276. 10.1248/jhs.48.273.
Perkins David N, Pappin Darryl J. C, Creasy David M, Cottrell John S. (1999). Probability-based
protein identification by searching sequence databases using mass spectrometry data.
Electrophoresis 20, 3551-3567.

43

Saçıcı, Esra & Yesilada, Erdem. (2018). Proposal for an “althaeae flos (marshmallow flower)”
monograph set-up based on European pharmacopeia template and quality evaluation of
commercial samples. ACTA Pharmaceutica Sciencia. 56. 37. 10.23893/13072080.APS.05603.
Schägger, H., & von Jagow, G. (1987). Tricine-sodium dodecyl sulfate-polyacrylamide gel
electrophoresis for the separation of proteins in the range from 1 to 100 kDa. Analytical
Biochemistry, 166(2), 368–379.
Shakib, Pegah & Azad Poor, Mojhgan & Saeedi, Pardis & Goudarzi, Gholamreza & Rouhani
Nejad, Hamideh & Momeni Mofrad, Somaye & Chaharmiri dokhaharani, Samaneh & Sc,
M. (2013). Scrutinizing the antimicrobial effect of hydroalcoholic extract of Althaea
officinalis (marshmallow) and Matricaria recutita (chamomile) flowers. Life Science
Journal. 10.
Tobyn Graeme, Denham Alison, Whitelegg Margaret. (2011). CHAPTER 8 - Althaea officinalis,
marshmallow; Malva sylvestris, common mallow; Alcea rosea, hollyhock, Editor(s):
Graeme Tobyn, Alison Denham, Margaret Whitelegg, Medical Herbs, Churchill
Livingstone, Pages 67-78, ISBN 9780443103445, https://doi.org/10.1016/B978-0-44310344-5.00013-6.
(http://www.sciencedirect.com/science/article/pii/B9780443103445000136)
Vickers, A., Zollman, C., & Lee, R. (2001). Herbal medicine. The Western journal of medicine,
175(2), 125–128. doi:10.1136/ewjm.175.2.125
Zaghlool, S. S., Shehata, B. A., Abo-Seif, A. A., and Abd El-Latif, H. A. (2015). Protective
effects of ginger and marshmallow extract on indomethacin-induced peptic ulcer in rats.

44

Journal of Natural Science, Biology, and Medicine, 6(2), 421–428, DOI: 10.4103/09769668.160026

45

